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Abstract  
Objective 
This study aimed to explore whether a common variant in the FTO gene moderates the 
relationship between parental restriction and child BMI. 
 
Methods 
This study reports on baseline data from 178 parent-child (ages 9-10 years) dyads. Parents 
completed the Child Feeding Questionnaire and reported on socio-demographic characteristics. 
Each child’s height, weight and FTO rs9939609 genotype was assessed. Ordinary least squares 
regression was used to fit the child’s BMI-percentile on parental restriction and the child’s FTO 
genotype, adjusted for covariates. A likelihood ratio test was used to compare a model with and 
without a multiplicative interaction term between restriction and genotype.  
 
Results  
Most participants (93.3%) were white, non-Hispanic. Twenty-three percent of children were 
overweight/obese and FTO genotype was associated with weight status. Mean parental 
restriction was statistically higher among overweight/obese vs. normal weight children: 3.3 (SD 
0.8) vs. 2.8 (SD 1.0); t-test p-value=0.002. Parental restriction was positively associated with 
child BMI-percentile and BMI-z only among children with two copies of the high-risk FTO 
allele (p for interaction=0.02), where each one-point increase in parental restriction was 
associated with a 14.7 increase in the child’s BMI-percentile or a 0.56-point increase in the 
child’s BMI z-score.   
 
Conclusion 
For only the children with two high-risk alleles, parental restriction was positively associated 
with child BMI-percentile.  
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Introduction 
Childhood obesity is complex and results from both genetic and environmental factors [1] . One 
genetic factor that has been associated with child obesity is the FTO gene [2-5]. Variations in 
that gene have been tied to differences in body mass index and a risk of obesity [6-8]. 
Approximately 16% of the general population is homozygous for the common FTO rs9939609 
risk variant (AA), and the odds of obesity among this group are approximately 70% higher for 
adults and children >7 years old compared to those who are homozygous for the wild type 
variant (TT) [9]. The association appears additive, as heterozygotes have an approximately 35% 
increased odds compared to those who are homozygous wild type (TT) [9]. Although the precise 
mechanism of FTO’s action is not known, its mRNA is highly expressed in the hypothalamus, a 
site for regulation of energy balance and appetite. This FTO risk allele may contribute to obesity 
by decreasing satiety responsiveness [10].  
 
Environmental factors also play an important role in contributing to the rise in the prevalence of 
obesity which has occurred over the past 30 years [11]. Specifically, Western environments have 
become “obesogenic”, meaning that the environment is replete with easy access to energy-dense, 
nutrient poor foods and cues to consume such foods [12]. Additionally, parental feeding 
practices have come under scrutiny for their potential to disrupt children’s ability to self-regulate 
intake and increase the risk of obesity. In particular, parental restriction or controlling children’s 
access to and intake of certain foods is associated with child overeating and obesity [13-15].  
Restrictive practices can be described as parents’ deliberate limiting on the amount and type of 
food, typically access to energy dense foods. Although caregivers may think this is a strategy 
that might promote a healthy diet and weight, restricting access to certain foods may have the 
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opposite effect whereby children increase their preference for those foods [16]. One longitudinal 
study found that greater parental restriction at age 5 was associated with greater increases in BMI 
z-scores by age 7 only among mothers who were overweight prepregnancy [17], suggesting that 
restrictive feeding practices by parents may interact with child’s genetic predisposition for 
obesity to promote excess weight. Given that the development of childhood obesity is 
multifaceted and complex; hypothesized to be driven by gene-environment interactions, it is 
possible that depending on a child’s higher risk genetic predisposition, the influence of parental 
restriction on child BMI may differ.  However, few studies have explored this interaction 
between a child’s genotype and feeding practices. This study aims to fill this gap and assess 
whether a child’s FTO genotype moderates the relationships between parental restriction and 
child BMI. We hypothesize that because children with one high risk allele report more frequent 
loss of control in eating, they may be more likely to engage in unhealthy eating behaviors in 
response to parental restriction which in turn influences their risk for obesity. 
Methods 
Design and Study Participants 
Participants were recruited between August 2013-March 2015 for an experimental study to 
examine associations between food advertising exposure and eating behaviors among pre-
adolescents. Full details of the study can be found elsewhere (Gilbert-Diamond, in-press), but are 
summarized here. Briefly, children aged 9-10 years and one of their parents (or guardians) were 
recruited from the community using a pediatric clinic contact list and community fliers, and 
dyads participated in the study by going to a college lab. Once informed consents were signed, 
children were asked to eat a standardized lunch and then viewed an age-appropriate, 34-minute 
TV program. Immediately afterward children completed study questionnaires described below. 
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Parents also completed a study questionnaire while their child completed the study assessments 
(S1 Table). Eligibility criteria included English fluency, absence of food allergies and dietary 
restrictions, absence of health conditions or medication use that may impact appetite, and 
willingness to participate in a 2-hour study. Of the 252 participants screened, 224 were eligible 
and 200 enrolled. There were 21 families that enrolled two children into the study, and we 
limited analyses to unrelated participants (n=179) by randomly selecting one child in each 
sibling pair. Analyses further excluded one underweight child (see below). Final analyses 
therefore included 178 children and one of their parents. Participating children provided assent 
for study procedures, and parents provided consent for their children and themselves. The 
Committee for the Protection of Human Subjects at Dartmouth College approved of all study 
procedures.  
Parental Restriction 
Parents completed a modified version of the parental restriction subscale of the Child Feeding 
Questionnaire [18]. The original, 8-item restriction scale assesses parental feeding practices as 
related to keeping track of a child’s intake of highly-palatable foods (e.g., I have to be sure that 
my child does not eat too many sweets), limiting access to such foods (e.g., I intentionally keep 
some foods out of my child's reach) and using food as a reward (e.g., I offer my child her 
favorite foods in exchange for good behavior). Items responses are on a 5-point Likert scale, 
anchored at 1 (disagree) and 5 (agree). The final score is the average over all 8 items with higher 
scores indicating greater restriction. The parental restriction subscale has appropriate internal 
consistency (Cronbach’s alpha=0.73) [18], and scores have been positively associated with 
increased child weight in several studies [19]. The parental restriction scale used in this study 
was slightly modified from the original, in that two separate items assessing food as a reward 
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(i.e., I offer sweets to my child as a reward for good behaviors; I offer my child her favorite 
foods in exchange for good behavior) were combined into one item (i.e., I offer my child her 
favorite foods or sweets in exchange for good behavior). Thus, parental restriction in this 
analysis was a 7-item scale. Internal consistency remained appropriate (Cronbach’s alpha=0.79), 
and the final score was a mean over the 7 items (range 1-5). 
FTO rs9939609 genotyping 
Detailed genotyping methods have been previously described (Gilbert-Diamond, in-press). In 
brief, DNA was isolated from buccal cells collected at the beginning of the experiment using 
swabs (Isohelix, Kent, U.K.). Genotyping for rs9939609 was then done with real time PCR and 
Taqman chemistry. All 200 samples were successfully genotyped for rs9939609 and there was 
100% genotyping consistency among the 10% of samples that were blindly replicated. 
Additional measures 
Parents reported on their child’s age, gender, race, and ethnicity. Parents reported on their 
relationship to the child, marital status, household income and educational attainment for 
themselves and their spouse (if appropriate). For analyses, the educational attainment of the 
mother was used because the vast majority of parents who participated in the study were mothers 
and mothers continue to play a primary role in child feeding [20,21]. The child’s weight and 
height were measured at the study visit using a Seca 763 Medical Scale and Seca 213 
Stadiometer (Hamburg, Germany) respectively. All measurements were taken without shoes and 
in light indoor clothing. Measurements were used to compute age- and sex-adjusted BMI-
percentiles and age- and sex-adjusted BMI z-scores using the Center for Disease Control and 
Prevention 2000 growth charts [22]. Overweight or obese was defined as ≥85th percentile. One 
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participant was classified as underweight per the Centers for Disease Control and Prevention 
criteria (<5th BMI-percentile) [23], and all analyses excluded this one participant. 
Analyses 
We completed all analyses using the child’s BMI-percentile and BMI z-score as the outcome. 
We focus on the child’s BMI-percentile as the primary outcome given that it is more commonly 
used in clinical settings. Distributions of child’s BMI-percentiles and BMI z-scores were 
compared across child, parent and household characteristics using unadjusted Student’s t-tests or 
ANOVAs. Similarly, the distributions for parental restriction as well as the child’s genotype 
across child, parent and household characteristics were compared. Unadjusted correlations 
between parental restriction and the child’s BMI-percentile and BMI z-score were computed 
using Pearson’s correlations. Scatterplots of parental restriction against the child’s BMI-
percentile and BMI z-score stratified by FTO genotype were visually inspected, and those plots 
supported linear associations. Ordinary least squares regression was used to fit the child’s BMI-
percentile and BMI z-score on parental restriction and the child’s FTO genotype, adjusted for the 
child’s gender, the mother’s educational attainment and annual household income. Those 
covariates were included because they were associated with the child’s BMI-percentile and BMI 
z-score or parental restriction at the p<0.10 level in unadjusted bivariate analyses. To assess if 
the relation between parental restriction and the child’s BMI-percentile and BMI z-score differed 
based on the child’s FTO genotype, an interaction term between parental restriction and the 
child’s FTO genotype in the regression model was included. A likelihood ratio test was used to 
compare those two nested models and p<0.10 was considered evidence of significant effect 
modification. Adjusted point estimates and 95% confidence intervals for stratum-specific 
associations [24] were presented. To improve the interpretation of results from that model, we 
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also presented mean child BMI percentile by parental restriction, dichotomized at the median, 
stratified by FTO genotype. All analyses were completed using the R language and environment 
for statistical computing, version 3.0.2 [25]. 
Results 
Analyses included data from 178 normal, overweight or obese children and their parent (or 
guardian). Children’s age and gender were equally distributed among the sample. Most 
participants (93.3%) were white, non-Hispanic. Mean BMI-percentile was 60.1 (standard 
deviation, SD=26.8), mean BMI z-score was 0.39 (SD=0.95), and 41 children (23.0%) were 
overweight or obese.  
 
Bivariate associations: child BMI, demographic and household 
characteristics 
Table 1 presents the distribution of child BMI-percentile and BMI z-score across child, parent 
and household characteristics and child’s FTO genotype. A greater BMI-percentile and z-score 
was statistically associated with male gender and lower levels of education attainment for the 
mother. Mean BMI-percentiles and z-scores were also statistically different by the child’s FTO 
genotype. Among children with no copies of the high-risk allele (i.e., TT), mean BMI-percentile 
was 60.7, BMI z-score was 0.36 and 17.7% of children were overweight or obese. In 
comparison, among children with two copies of the high-risk allele (i.e., AA), mean BMI-
percentile was 73.1, BMI z-score 0.93 and 41.4% of children were overweight or obese. The 
child’s FTO genotype was not associated with any child, parent or household characteristics 
(data not shown) other than the child’s BMI-percentile, BMI z-score or weight status. 
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Table 1. Bivariate associations of the child’s BMI-percentile and BMI z-score with child, parent 
household characteristics and child’s FTO genotype. 
 Overall BMI-Percentile BMI z-score 
  N Mean (SD) p-value1 Mean (SD) p-value1 
Overall 178 60.1 (26.8)  -- 0.39 (0.95) -- 
Child characteristics 
Age, years 
   9 97 63.1 (25.5) 0.11 0.50 (0.92) 0.10 
   10 81 56.6 (28.1)  0.26 (0.98)  
Sex     
   Female 91 54.0 (25.1) <0.01 0.18 (0.86) <0.01 
   Male 87 66.6 (27.1)  0.61 (1.00)  
Race     
   White only 166 60.0 (26.2) 0.53 0.38 (0.93) 0.65 
   African-American 5 48.4 (39.4)  0.12 (1.61)  
   Asian-American 3 72.9 (34.9)  0.86 (1.15)  
   Other 4 70.4 (34.0)  0.73 (1.11)  
Ethnicity     
   Hispanic or Latino 6 66.1 (30.1) 0.58 0.55 (0.98) 0.68 
   Non-Hispanic or Latino 172 59.9 (26.8)  0.38 (0.95)  
Parent characteristics 
Relationship to child 
   Mother 148 60.5 (26.6) 0.30 0.41 (0.94) 0.28 
   Father 28 56.2 (28.1)  0.22 (0.99)  
   Other 2 85.4 (15.9)  1.24 (0.83)  
Mother's education level      
   Associate’s degree or less 36 69.7 (29.6) 0.01 0.79 (1.08) <0.01 
   Bachelor’s degree  52 62.5 (25.1)  0.47 (0.90)  
   Graduate/professional degree 90 54.9 (25.6)  0.18 (0.88)  
Marital status      
   Married 150 59.8 (26.9) 0.95 0.38 (0.95) 0.94 
   Single, never married 8 62.9 (31.1)  0.51 (1.05)  
   Separated or divorced 17 60.2 (26.1)  0.38 (0.98)  
   Other 3 67.6 (27.3)  0.66 (1.04)  
Household characteristics      
Annual household income      
   <$65,000  44 63.3 (27.5) 0.24 0.51 (1.00) 0.12 
   $65,000 - $144,999 83 62.1 (27.7)  0.48 (1.02)  
   $145,000 - $225,000 32 56.4 (26.4)  0.21 (0.83)  
   >$225,000 19 50.3 (19.8)  0.00 (0.56)  
Child’s FTO  genotype 
   TT 62 60.7 (24.9) <0.01 0.36 (0.82) <0.01 
   AT 87 55.4 (27.6)  0.23 (0.96)  
   AA 29 73.1 (24.6)  0.93 (1.02)  
1P-values are from t-tests or ANOVAs to compare mean BMI-percentile or BMI z-score by 
category levels. 
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Bivariate associations: child BMI and parental restriction 
Mean parental restriction was 2.9 (SD=0.9), and parental restriction was not statistically 
associated with any child, parent or household characteristics, except for the child’s weight 
status. Specifically, mean parental restriction was statistically lower among normal weight 
children as compared to overweight or obese children: 2.8 (SD=1.0) vs. 3.3 (SD=0.8); t-test p-
value=0.002. The correlations between parental restriction and the child’s BMI-percentile and 
BMI z-score were positive and statistically significant, yet low (Pearson’s rho 0.17; p=0.023, 
Pearson’s rho 0.20; p<0.01, respectively). However, the magnitudes of those correlations 
differed by the child’s FTO genotype (Table 2) and were high (Pearson’s rho=0.60; p<0.001, 
Pearson’s rho=0.56; p<0.01, respectively) among participants with two copies of the high-risk 
allele. The correlations between parental restriction and child’s BMI percentile or z-score were 
similar. Specifically, increased parental restriction was positively associated with the child’s 
BMI-percentile and z-score only among children with two copies of the high-risk allele. Mean 
parental restriction did not differ by the child's genotype (p=0.83) 
 
 
Table 2. Correlation between parental restriction and the child's BMI-percentile overall and 
stratified by the child's FTO genotype.1 
 
 N Pearson's Rho p-value 
Overall 178 0.17 0.02 
By the child’s FTO  genotype 
   TT 62 0.18 0.16 
   AT 87 0.05 0.66 
   AA 29 0.60 <0.001 
1Among 178 normal, overweight or obese children enrolled in a media study. 
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Linear regression models: child BMI on parental restriction and 
child’s FTO genotype 
In an adjusted linear regression model (Table 3), parental restriction and the child’s FTO 
genotype each remained statistically associated with the child’s BMI-percentile and BMI z-score. 
Specifically, each one-unit increase in parental restriction was significantly associated with a 4.5-
point increase in the child’s BMI-percentile. Additionally, children who had two copies of the 
high-risk allele had a mean BMI-percentile that was 12.9 points greater than the mean of children 
who had zero copies of the high-risk allele. Participants with one copy of the high-risk allele had 
a lower mean BMI percentile as compared participants with no copies, (difference in mean BMI-
percentile (standard error of the mean): -8.2 (4.1); p=0.05. Findings from the model that fit child 
BMI z-score as the outcome were similar (Table 3). 
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Table 3. Adjusted associations between child, parent and household characteristics with the 
child’s BMI-percentile or BMI z-score.1,2 
 
 Outcome 
  BMI-percentile   BMI z-score 
  𝜷 (SE) p-value  𝜷 (SE) p-value 
Sex      
   Female Reference  --  Reference  -- 
   Male 14.0 (3.7) <0.001  0.47 (0.13) <0.001 
Mother's education level      
   Associate’s degree or less Reference  --  Reference  -- 
   Bachelor’s degree   -9.4 (5.5) 0.09  -0.42 (0.19) 0.03 
   Graduate or professional degree  -15.8 (5.3) <0.01  -0.65 (0.18) <0.001 
Annual household income      
   <$65,000  Reference  --  Reference  -- 
   $65,000 - $144,999 0.0 (4.8) 0.99  0.05 (0.17) 0.76 
   $145,000 - $225,000  -2.4 (6.1) 0.70  -0.10 (0.21) 0.65 
   >$225,000  -6.5 (7.2) 0.37  -0.21 (0.25) 0.40 
CFQ: Restriction 4.5 (2.0) 0.02  0.19 (0.07) <0.01 
FTO  genotype       
   TT Reference  --  Reference  -- 
   AT  -8.2 (4.1) 0.05  -0.24 (0.14) 0.09 
   AA 12.9 (5.6) 0.02  0.59 (0.19) <0.01 𝛽 (SE): beta coefficient and standard error  
1Among 178 normal, overweight or obese children enrolled in a media study. 
2Ordinary least squares regression used. All model covariates presented 
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There was a statistically significant interaction between parental restriction and the child’s FTO 
genotype on the child’s BMI-percentile (p=0.02) and BMI z-score (p=0.02). Specifically, 
parental restriction appeared positively associated with the child’s BMI-percentile and z-score 
only among children with two copies of the high-risk allele. Each one-point increase in parental 
restriction was associated with a 14.7-point increase in the child’s BMI-percentile or a 0.56 point 
increase in the child’s BMI z-score. To help illustrate that finding, we compared the child’s 
BMI-percentile across parental restriction dichotomized at the median, stratified by the child’s 
FTO genotype (Fig 1). As demonstrated in Fig 1, mean child BMI-percentile was statistically 
greater in the upper vs. lower median of parental restriction score for children with an AA 
genotype only (88.4 vs. 58.9 percentile; p<0.001). Findings were consistent when using BMI z-
score as the outcome. 
 
 
Fig 1. Mean child BMI-percentile by parental restriction, stratified by the child’s FTO 
genotype. 
Among 178 normal, overweight or obese children enrolled in a media study. Parental restriction 
dichotomized at the median value (1.0-2.8 vs. 2.9-5.0). Mean scores compared by median using 
Student’s t-tests. 
  
 
 
Discussion 
 
In this study of 178 children aged 9-10 years old, we found that parental restriction and FTO 
genotype were both independently associated with increased child BMI, adjusted for child’s 
gender, mother’s education level and household income. Further, the positive association 
between parental restriction and child BMI appeared limited to children who had two copies of 
the FTO high-risk allele. Our findings add to the growing literature which support that the 
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development of childhood obesity is multifaceted and complex; hypothesized to be driven by 
gene-environment interactions [10]. Findings further suggest that interventions to prevent 
childhood obesity may be most effective when tailored to children’s genetic predisposition.  
 
Similar to other studies we found that children with two copies of the FTO high-risk allele (i.e., 
AA) were more likely to be overweight/obese (41%) compared to those with no copies (i.e., TT, 
with 18% overweight or obese) [7,26,27]. Unlike other studies, we did not observe an additive 
effect of the risk alleles on BMI, which may be related to our relatively small sample size. Our 
findings that greater parental restriction related to increased child weight status and BMI are in 
line with what others have found in that mean parental restriction was greater among 
overweight/obese children as compared to normal weight children [17]. Restrictive feeding is 
usually coercive, intrusive and parent-centered [28]. Restricting food intake has been associated 
with increased children’s intake of and attraction to the restricted foods, usually energy-dense 
palatable foods, therefore thought to promote long-term dysregulation in eating and obesity 
[16,29,30].  
 
The field of parental feeding is slowly detangling the complexities of having different feeding 
strategies and discovering that a “one-size” approach may not fit all. Environmental and biologic 
factors come into play as well as the nature of the direction that parents provide their children. 
Our finding of an interaction between feeding practices and genotype supports the complex 
nature of these relationships. Our findings are also consistent with those of Faith et al. whereby 
among children with heavier mothers, parental restriction when children were age five years 
predicted higher BMI-z scores at age seven years, even after controlling for child weight status at 
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age three [17]. Our findings further extend previous work by identifying a specific gene, FTO, 
which has been associated with obesity but has not previously been explored with feeding 
practices. The FTO rs9939609 risk allele may have a role in the control of food intake and, 
particularly in decreasing satiety responsiveness. Wardle et al. found that homozygote high-risk 
children had significantly reduced satiety responsiveness scores and also found that the 
association of the high-risk genotype with increased adiposity was explained in part through 
effects on satiety responsiveness [31].	  	  Similarly, children with at least one high risk allele 
reported more frequent loss of control in eating [32]. We hypothesize that children with the high-
risk FTO rs9939609 genotype may be more likely to engage in unhealthy eating behaviors in 
response to parental restriction. It is possible that when children have an underlying difficulty in 
regulating food intake, parental restriction leads to a greater preference for and intake of 
restricted foods. They may also have trouble developing healthy eating practices as they are 
experiencing discordant messages whereby their biology is prompting them to eat and their 
parents are expecting them to practice self-restraint. In a previous analysis, we found that 
parental restriction was associated with eating in the absence of hunger (EAH) (Gilbert-
Diamond, in press), but the association did not vary by the FTO rs9939609 genotype. Future 
research in this area is needed to better understand the mechanism by which this FTO genotype 
moderates the association between restrictive feeding and child weight.  
 
While restriction has been associated with obesity and increases in unhealthy food consumption, 
the direction of this relationship remains unclear. It is possible that the directionality of the 
relationship could in fact be reversed. For example, it is possible that parents who are concerned 
about their child’s weight use more restrictive practices as a result , and/or that parents use 
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restrictive feeding practices in response to a child’s tendency to overeat [33]. Some longitudinal 
studies have found this to be true in that parents were more likely to use restriction in response to 
their child’s weight gain in early childhood [7,34]. It may be that parents are accurately 
perceiving their child's biologically driven poor satiety responsiveness, and that they correctly 
realize that if they do not provide external cues to stop eating, the child will become even more 
obese because the child's own internal cues to stop eating are not reliable (perhaps due to the 
FTO risk alleles, or some other biological mechanism). Given the study’s cross-sectional design, 
we are unable to disentangle the directionality of our findings; however, our data can inform 
hypotheses of future studies.  
 
This study begins to address a clear gap in the literature around gene-environment interactions; 
however, it does have certain limitations. First, we did not assess other candidate genes which 
have been associated with obesity such as melanocortin-4 receptor (MC4R) gene as well as 
BDNF[35] . We however chose the FTO gene given the strength of the evidence linking FTO 
rs9939609 to obesity in both children and adults and the large prevalence of individuals with risk 
alleles [36]. Second, we only assessed restriction as the sole feeding practice given the consistent 
findings of this practice with unhealthy dietary intake and obesity[37] . The growing literature 
however has begun to explore other autonomy supportive or structuring practices [38]  that 
should be explored in the future. Third, there has been some controversy over the use of the 
restriction subscale of the CFQ and if the items appropriately load onto the construct of 
restriction [39-41]. However, this has been one of the most widely used feeding practice 
questionnaires that has shown strong criterion validity and makes understanding our findings in 
the context of the broader literature easier to directly compare.  Finally our sample was primarily 
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white middle-upper class with possible limited generalizability to other more diverse 
populations. Future research should explore gene-environment interactions in racially and 
ethnically diverse low-income populations where disparities of childhood obesity are evident.  
 
In conclusion we found that parental restriction was positively associated with child BMI, but 
only for those who have two copies of the high-risk allele. Future research is needed to continue 
to understand the complexity of genetic and environmental feeding associations and to 
understand possible mechanisms. It is possible that because children with one high risk allele 
report more frequent loss of control in eating [32], they may be more likely to engage in 
unhealthy eating behaviors in response to parental restriction which in turn influences their risk 
for obesity. Given how hard it is to reach and work with parents around obesity prevention, it is 
possible that future obesity prevention interventions can be more effective if tailored for high-
risk children. Our findings suggest that for these families emphasis on non-restrictive feeding 
practices may be more effective. Future work should also move towards exploring other aspects 
of positive feeding where parents may be more amenable to change.   
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